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X-ray diffraction multipole refinements of single-crystalline MgxAl1−xB2 and polarization-
dependent near-edge x-ray absorption fine structure at the B 1s edge reveal a strongly anisotropic
electronic structure. Comparing the data for superconducting compounds (x = 0.8, 1.0) with those
for the non-superconductor (x = 0) gives direct evidence for a rearrangement of the hybridizations
of the boron pz bonds and underline the importance of holes in the σ-bonded covalent sp2 states for
the superconducting properties of the diborides. The data indicate that Mg is approximately diva-
lent in MgB2 and suggest predominantly ionic bonds between the Mg ions and the two-dimensional
B rings. For AlB2 (x = 0), on the other hand, about 1.5 electrons per Al atom are transferred to
the B sheets while the residual 1.5 electrons remain at the Al site which suggests significant cova-
lent bonding between the Al ions and the B sheets. This finding together with the static electron
deformation density points to almost equivalent electron counts on B sheets of MgB2 and AlB2, yet
with a completely different electron/hole distribution between the σ and pi bonds.
PACS numbers: 74.70.Ad, 78.70.Dm, 74.25.Jb, 74.62.Dh
I. INTRODUCTION
Since the discovery of superconductivity in MgB2 with
a transition temperature Tc ≈ 39 K,1 which is high for a
binary compound, this material has been intensely stud-
ied, and now many properties of MgB2 seem to be well
understood. Compared to the high-Tc cuprates or the
recently discovered iron pnictides, the crystal structure
is simple: in its space group P6/mmm magnesium and
boron reside on special positions at 0,0,0 and 13 ,
2
3 ,
1
2 , re-
spectively, and form separate layers which, for B, are
graphite-like with a hexagonal atomic arrangement. The
B rings and the intercalated Mg sheets are stacked alter-
natingly along the c axis as illustrated in Fig. 1. This
layered structure, and especially the covalent sp2 and
two-dimensional character of the B-B σ bonds,2 suggests
a strong anisotropy between in-plane and out-of-plane
properties.3 Indeed, band-structure calculations predict
two degenerate two-dimensional σ bands and two three-
dimensional pi bands around the Fermi level EF .2,4–6 Ini-
tially it was inferred from experiment and theory that
superconductivity in this compound is conventional, be-
ing s-wave, BCS-type, and phonon-induced.7–10 Yet quite
early on, deviations were observed, like the presence of
two energy gaps of about 7 meV and 2.5 meV related
to the σ and pi bands, respectively.11–14 As a result, the
superconducting state of MgB2 is presently understood
within a multiband approach of the Eliashberg theory
where the pairing is split into σ and pi intraband and σ-pi
interband contributions.11,15–18 It has been demonstrated
that the coupling between the σ-band electrons and the
B-B bond-stretching phonon mode with E2g symmetry
at the Γ point plays a decisive role for superconductivity
in MgB2.9,15,19–21 The electron-phonon coupling for the
pi bands and the interband coupling seem to be weaker
although not negligible.17
Much work has concentrated on a direct determina-
tion of the spatial, electronic, and vibrational proper-
ties and the superconducting gap structure of MgB2. A
complementary approach is to investigate systems ob-
tained from the superconducting parent compound by
substituting characteristic elements, thereby reducing or
even suppressing the superconducting state.22 In this re-
spect, the MgxAl1−xB2 system poses an interesting ex-
ample where superconductivity is suppressed upon re-
placing formally divalent Mg with formally trivalent Al.
Preparation of MgxAl1−xB2 single crystals where Mg is
partially or completely replaced by Al is possible for all
concentrations. Across the entire doping range 0 ≤ x ≤ 1
the crystal structure is preserved while Tc is considerably
reduced with decreasing x and finally disappears around
x . 0.6.23 Up to now, several mechanisms like band
filling due to substitution of Mg2+ with Al3+, merging
of the superconducting gaps, increased interband scat-
tering, and a decrease in the electron-phonon coupling
(Refs. 18, 19, 23–27) have been suggested to explain the
very rapidly reduced superconductivity at only modest
substitution levels.28 So far, however, a consistent picture
is elusive and a direct investigation of the electronic struc-
ture and the bonding characteristics of the sp2 and pz
states in MgxAl1−xB2 might help in an understanding of
the suppression of superconductivity in MgxAl1−xB2 for
x . 0.6 and of the changes of the electronic structure es-
pecially in the less investigated doping range 0 ≤ x < 0.6.
To shed more light on the doping-dependent sup-
pression of the superconducting state and to study the
changes in the electronic structure, we have investigated
MgxAl1−xB2 single crystals employing x-ray diffraction
multipole refinements and polarization-dependent near-
edge x-ray absorption fine structure (NEXAFS). X-ray
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2Figure 1. (Color online) Unit cell of MgxAl1−xB2. The red
and yellow spheres correspond to the (Mg,Al) and B sites. In
its space group P6/mmm magnesium/aluminum and boron
reside on special positions at 0,0,0 and 1
3
, 2
3
, 1
2
, respectively.
The B rings and the intercalated Mg sheets have a a hexagonal
atomic arrangement and are stacked alternatingly along the
c axis.
diffraction multipole refinements give direct informa-
tion about the bonding nature of the relevant electronic
states, while NEXAFS tracks the doping-dependent
changes in the orbital states and/or in the electronic band
structure. The current data provide experimental evi-
dence that Mg is approximately divalent in MgxAl1−xB2
and suggest a predominantly ionic bonding of the Mg
ions and the B layers while Al has a residual valence of
≈ 1.5 electrons and exhibits significant covalent bonding
between the Al atoms and the B sheets. This leads for
MgB2 and AlB2 to almost equivalent electron counts on
B sites, yet with a completely different electron/hole dis-
tribution between the σ and pi bonds. The present data
also demonstrate that the doping-dependent filling of σ-
bonded covalent sp2 states goes along with a change of
the bonding nature of the pi-bonded pz orbitals.
II. EXPERIMENTAL
AlB2 and Mg0.8Al0.2B2 single crystals were grown from
Al or Al/Mg flux by the slow-cooling method. The result-
ing crystals have hexagonal (001) surfaces with sizes of
about 2×2 mm2 for x = 0 and 0.4×0.5 mm2 for x = 0.8.
Hexagonal single-crystalline MgB2 platelets with a di-
ameter of up to 200 µm are obtained by isothermally
annealing 11B powder in a Mg flux enclosed in an evac-
uated Mo cylinder.29 The MgB2 crystals show a sharp
superconducting transition at Tc = 38.8 K, with a resis-
tive 10 - 90% width ∆T ≈ 1.8 K. For Mg0.8Al0.2B2 the
transition is already reduced to around 20 K and con-
siderably broadened and for AlB2 superconductivity is
completely absent.
X-ray diffraction data were collected at room tempera-
ture on a Stoe four-circle diffractometer (equipped with a
pyrolytic graphite monochromator) using Mo Kα1,2 ra-
diation. All accessible symmetry-equivalent reflections
of MgB2, Mg0.8Al0.2B2, and AlB2 were measured up to
a maximum angle 2θ of 127.5◦ (sin Θ/λ = 1.26 Å−1).
The data were corrected for Lorentz, polarization, ex-
tinction, and absorption effects. 92 and 103 averaged
symmetry-independent reflections (I > 3σ) have been
included for the multipole treatment of MgB2 and AlB2,
respectively. The electron density was refined using the
Hansen-Coppens formalism30,31
ρatom(r) = ρcore(r) + Pν · κ31 · ρspher,valence(κ1r) (1)
+
4∑
l=1
κ32 ·Rl(κ2r) ·
l∑
m=−l
Plm±ylm±(r/r)
where ρcore(r) is the contribution from the core electrons;
the second and third term describe the spherical and mul-
tipolar contribution of the valence-electron density, re-
spectively; κ1 and κ2 are contraction/expansion param-
eters of the valence shell, Rl Slater-type radial functions,
and ylm± spherical harmonics. The electron populations
Pν and Plm± are determined during the least-squares re-
finement. According to the 6¯m2 symmetry of the B po-
sition, Pν , P20, and P33− values were refined; for the
(Mg,Al) site with 6/mmm symmetry Pν and P20 were
determined to correctly describe the valence-electron dis-
tribution at this site.
During the refinement, the high-order reflections with
a cutoff of sin Θ/λ = 0.9 Å−1 were used to obtain in a
Table I. Structural parameters of MgxAl1−xB2 for x = 1.0,
x = 0.8, and x = 0.0. The position of Mg/Al is at 0, 0, 0 and
that of B at 1
3
, 2
3
, 1
2
; α = 90◦, γ = 120◦. The Uii denote the
atomic displacement factors (U22 = U11; U12 = 0.5 ·U11). The
site occupancy factor SOF of B is fixed to 1.
x = 1.0 x = 0.8 x = 0.0
wR2 (%) 1.85 4.44 0.97
a (Å) 3.085(1) 3.071(1) 3.003(1)
c (Å) 3.522(1) 3.484(1) 3.254(1)
Mg/Al U11 (Å2) 0.0051(2) 0.0048(1) 0.0077(1)
U33 (Å2) 0.0057(3) 0.0060(1) 0.0061(1)
SOF 1.0 0.99 0.93
κ1 0.89(41) 1.51(8)
κ2 1.62(41) 1.30(5)
Pν 0.38(21) 1.46(10)
P20 0.09(3) 0.43(4)
B U11 (Å2) 0.0039(2) 0.0039(1) 0.0039(1)
U33 (Å2) 0.0061(3) 0.0068(2) 0.0062(1)
κ1 0.87(2) 1.01(2)
κ2 0.91(8) 0.85(4)
Pν 3.82(10) 3.73(4)
P20 -0.07(3) 0.18(1)
P33− -0.24(4) -0.21(3)
Mg/Al–B distance d1 (Å) 2.505(2) 2.486(2) 2.378(2)
B–B distance d2 (Å) 1.781(1) 1.773(1) 1.734(1)
3Figure 2. (Color online) Static deformation electron density of
MgB2 (turquoise) shown for an isosurface of 0.02 e/Å3. The
red and yellow spheres correspond to the Mg and B sites,
respectively (see also unit cell in Fig. 1). The electrons pre-
dominantly reside on σ-bonded sp2 hybrids and pi-bonded pz
orbitals, i. e., between the B sites. The small electron count
found at the Mg site might point to a weak hybridization
between Mg 3s/3p and B pz states.
first step a good estimate for preliminary anisotropic dis-
placement parameters (ADP’s). It should be noted that
the atomic positions do not have to be refined since all
(Mg,Al) and B atoms reside at special positions in the
unit cell. In a second step, the ADP’s were fixed and
the multipolar refinement of the electron-density param-
eters was performed using all reflections. Finally, the
ADP’s were relaxed as well and refined together with all
multipolar parameters. The refinements converged very
well and the weighted reliability factors (wR2) strongly
decreased from about 4% for a conventional refinement
to ≈ 1-2% for the multipolar treatment. For the mul-
tipolar refinements of MgB2 and AlB2, only a marginal
residual electron density is found in the difference Fourier
synthesis, which together with the good wR2 values un-
derlines the excellent agreement between the multipole
model and the measured data. The multipole parame-
ters obtained in this way were used to calculate the static
deformation electron density which characterizes the re-
distribution of electrons in relation to a crystal built from
spherical atoms32 and, thus, describes the bonding char-
acteristics of the valence electrons. Due to the increased
disorder expected for the (Mg,Al) position, no multipole
modeling was tried for Mg0.8Al0.2B2.
Using linearly polarized light, NEXAFS measurements
at the B 1s edge were performed for AlB2 at beamline
U4B at the National Synchrotron Light Source (NSLS),
Upton, NY, USA, and for Mg0.8Al0.2B2 and MgB2 at
beamline U5 at the National Synchrotron Radiation Re-
search Center (NSRRC), Hsinchu, Taiwan. Resolution
was set to 180 and 100 meV at the NSLS and the
NSRRC, respectively. All data were taken at room
temperature employing bulk-sensitive fluorescence yield
(FY), and were corrected for self-absorption effects us-
ing the method outlined in Ref. 22. Applying dipole
Figure 3. (Color online) Static deformation electron density of
AlB2 (turquoise) shown for an isosurface of 0.02 e/Å3. The
red spheres correspond to the Al sites (see also unit cell in
Fig. 1); the B ions are located below the bulge of the iso-
surface ring. The σ-bonded sp2 hybrids are entirely filled
with electrons whereas the bulge above and below the B sites
together with the electrons found on Al ions point to a hy-
bridization between Al 3s/3p and B pz states.
selection rules, the unoccupied part of the B 2p final
states can be reached from the initial B 1s core level.
Thus, polarization-dependent NEXAFS measurements
on hexagonal Mg1−xAlxB2 single crystals provide insight
into the symmetry of the hole states at EF with B 2p
character. While the in-plane E⊥c spectrum is obtained
for a normal-incidence alignment, i. e., for a grazing an-
gle θ of 0◦, the out-of-plane E‖c spectrum is determined
by measuring in a grazing-incidence setup with a grazing
angle of 60◦ and by extrapolating the spectra to θ = 90◦.
III. RESULTS AND DISCUSSION
The results of the x-ray diffraction refinements are
summarized in Table I. The lattice parameters and the
ADP’s of our single crystals are consistent with estab-
lished values:33–36 It is evident that the a and c lattice
parameters strongly shrink when going from MgB2 to
Mg0.8Al0.2B2 and AlB2. Moreover, our multipole refine-
ment of MgB2 is in agreement with published results.32
In contrast to Ref. 32, the Mg site is completely occu-
pied in our MgB2 samples. For the AlB2 sample, on the
other hand, the previously observed slightly reduced 93 %
occupation of the Al position37 also shows up in our in-
vestigations. According to the present MgB2 refinement,
the valence electron count of Mg is ≈ 0.4(2) and that of B
≈ 3.8(1), indicating that the two valence electrons of Mg
are mostly but not entirely transferred to the B layer. To
visualize the valence electron distribution, the static de-
formation electron density of MgB2 is depicted in Fig. 2.
It has the shape of a molar and unambiguously resides be-
tween the B sites on σ-bonded sp2 hybrids and (banana-
shaped) pi-bonded pz orbitals. Yet both hybrid states
seem to be not completely filled (no deformation electron
4Figure 4. (Color online) Orbital-specific electronic structure
of single-crystalline MgB2, Mg0.8Al0.2B2, and AlB2: B 1s
NEXAFS with E⊥c, probing unoccupied σ-bonded B 2pxy
and pi-bonded B 2pz states.
density is found around the B sites). Two-dimensional
cuts through our three-dimensional plot of the static de-
formation electron density are absolutely consistent with
the deformation density maps given in Ref. 32. In agree-
ment with Ref. 32, a small residual number of electrons
is found above and below the Mg site (see Fig. 2 and Ta-
ble I). Such a small electron count at the Mg site might
point to a weak hybridization between the Mg ion and
the B pz orbitals.
The situation is, however, quite different for AlB2.
The multipole refinement of AlB2 summarized in Table I
clearly shows that not all three but only ≈ 1.5(1) va-
lence electrons are transferred from the Al site to the B
layer while an equal amount of 1.5(1) electrons remains
at the Al site. As a consequence this leads to almost
equivalent electron counts of ≈ 3.8 for the B layers in
MgB2 and of ≈ 3.7 for those in AlB2, albeit with a sig-
nifantly different electron/hole distribution between the
σ and pi bonds. In order to show this, let us compare
the static deformation electron density of AlB2 in Fig. 3
with that of MgB2 described above and shown in Fig. 1.
For AlB2 the isosurface has the shape of a ring, thereby
essentially resembling the hexagonal arrangement of the
B ions. Moreover, the comparison of the static deforma-
tion electron density of MgB2 and AlB2 suggests that in
the case of AlB2 the σ-bonded sp2 states are completely
filled with electrons and shows that the maximum in the
electron density of the pz orbitals does no longer appear
between the B sites but rather at these sites, thereby
leading for the isosurface to a bulge above and below the
B sites. In addition, a certain electron count is clearly
visible around the Al site. Compared to MgB2, the elec-
tron density at the (Mg,Al) site is strongly enhanced for
AlB2 and, in contrast to MgB2, the electron density does
Figure 5. (Color online) Orbital-specific electronic struc-
ture of single-crystalline MgB2, Mg0.8Al0.2B2, and AlB2: B
1s NEXAFS with E‖c, probing unoccupied pi-bonded B 2pz
states.
not only reside above and below the (Mg,Al) site but
rather completely surrounds the Al ion. This finding,
together with the 1.5 electrons found on Al sites (see
Fig. 3 and Table I) and the bulge above and below the
B sites, points to strong hybridization between Al 3s/3p
and B pz states as suggested in Ref. 38. Simultaneously,
a non-negligible amount of in-plane holes seems to per-
sist on the pi-bonded pz orbitals. (Compared to MgB2
a strongly reduced electron density is found between the
B sites on banana-shaped pi-bonded pz orbitals.) There-
fore, two effects occur with increasing Al content: Firstly,
the σ-bonded sp2 states become filled with electrons and,
secondly, the pz orbitals begin to hybridize strongly with
those at the (Mg,Al) site. This second effect changes
the bonding nature between the (Mg,Al) site and the B
sheets from predominantly ionic for MgB2 to covalent
for AlB2. These changes are fully consistent with first-
principles studies using the virtual crystal approximation
where a charge transfer from the B-B σ bonds to the pi
bonds in the inter-planar region was observed.23,38 Our
data also agree with the detailed supercell calculations
in Ref. 38 where it was shown that covalent bond clus-
ters composed of Al and the adjacent four B-B bonds
emerge upon Al substitution. As a consequence of this in-
creasingly covalent character of the bonds, the (Mg/Al)-
B bond length is reduced as well, from 2.505 to 2.486 and
2.378 Å when decreasing the Mg content from x = 1.0 to
0.8 and finally 0 (see Table I).
Further support for the successive filling of the σ bands
and the simultaneous change in the bonding nature of
the pi states comes from the in-plane (E⊥c) and out-of
plane (E‖c) boron K edge NEXAFS spectra of MgB2,
Mg0.8Al0.2B2, and AlB2 displayed between 180 and 201
eV in Figs. 4 and 5, respectively. In this energy range
5the spectra reflect the unoccupied boron 2p density of
states at EF and several eV above. For the E⊥c spec-
trum in Fig. 4, a sharp peak (feature A) appears around
EF for MgB2. When going from MgB2 to Mg0.8Al0.2B2
and AlB2, a substantial decrease of feature A is imme-
diately obvious. This reduction of feature A which has
already been reported in literature25,39–43 illustrates that
the σ-bonded boron sp2 states become gradually occu-
pied upon Al doping and are finally located below EF
for AlB2. Consistent with the shift of the maximum po-
sition towards the boron sites observed for the static de-
formation density of AlB2 in Fig. 3, the residual states
found in Fig. 4 for feature A may be attributed to a small
amount of in-plane holes residing on pi-bonded boron 2pz
orbitals, i. e., between the boron sites. Following Ref. 42,
structures B and C of Fig. 4 are ascribed to antibonding
σ∗ states and the so-called resonance peak, respectively.
The latter is either related to oxide impurities or has
its origin in resonant elastic scattering39 and will not be
discussed here. In any case, the antibonding σ∗ states
(feature B) located for MgB2 about 6 eV above EF (for
x = 0.8 and 1.0 they only appear as a preceding shoulder
of the resonance peak) are shifted by 1 eV towards EF ,
but clearly remain unoccupied when going from MgB2 to
AlB2.
In the out-of-plane (E‖c) spectra in Fig. 5, a sharp
peak (feature D) is observed right at EF for MgB2 which
can be attributed to pi-bonded pz orbitals in the B rings.
When going from MgB2 to Mg0.8Al0.2B2 and AlB2, the
spectral weight of feature D is significantly reduced while
feature E continuously evolves upon increasing Al con-
tent, thereby leading for AlB2 to an increased but almost
constant density of states in the energy range between
EF and several eV above. Such a constant density of
states may point to hybridizations of wide bands. Tak-
ing the shown above multipole refinements into account
this finding reflects the strong hybridization between Al
3s/3p and B pz states. Interestingly, feature E already
shows up for MgB2, yet with significantly reduced spec-
tral weight compared to AlB2. As discussed above in
the context of the static deformation electron density of
MgB2, this might point to very weak hybridization be-
tween the Mg ion and the B sheets. Similarly to the in-
plane spectra, feature F around 190 eV can be ascribed
to the resonance peak.
Given that MgxAl1−xB2 is a two-band superconductor
for which the two-gap characteristic is preserved over al-
most the entire superconducting range,26,44–47 not only
the filling of the σ-bonded sp2 states but also the changes
in hybridization between the (Mg,Al) 3s/3p and B pz
orbitals observed in our experiments might play an im-
portant role for the rapid doping-dependent reduction of
Tc. It was shown (e. g., in Refs. 17, 24, and 48) that su-
perconductivity on the σ bands of MgxAl1−xB2 is domi-
nated by σ-intraband pairing, whereas pi-intraband pair-
ing and σ-pi interband coupling are the prominent ingre-
dients for superconductivity on the pi bands. Therefore,
our data underline that a significant lowering of Tc upon
Al doping can be attributed to σ-band hole filling (and,
thus, to reduced σ-intraband pairing). Simultaneously
with the σ-band filling, the σ-pi interband coupling is
strongly altered while, at least to first approximation, the
pi-intraband pairing is expected to remain unaffected by
σ-band filling. However, the electronic structure together
with the pi-intraband pairing will be completely modified
by the changes in the hybridization between the (Mg,Al)
3s/3p and B pz orbitals observed in our diffraction and
NEXAFS results. It might, therefore, be expected that
the doping-dependent changes observed in the bonding
nature between the (Mg,Al) and the B sites are also an
important contribution to the particularly rapid decrease
of Tc upon Al doping. The modified electronic structure
resulting from the changed bonding nature might also
explain the absence of the hole-like pi sheet for Al-doped
samples in de Haas-van Alphen investigations.49 More-
over, such changes in the bonding nature are not expected
for the replacement of B with C since the local point sym-
metry in the pi and σ orbitals is only affected in the case
of Mg substitution by Al.50 Indeed the strong reduction
of the lattice parameters and of the (Mg,Al)-B bond dis-
tance observed for Mg substitution by Al (see Table I)
is completely absent for B replacement with C.51 Conse-
quently, photoemission studies on Mg(B1−xCx)2 indicate
that the σ gap is proportional to Tc while the pi gap shows
negligible change with increasing B content.52 This find-
ing for Mg(B1−xCx)2 is in contrast to the MgxAl1−xB2
system where, according to our data, it is expected that
the pi gap is correlated with the changes in the covalent
bonding nature between (Mg/Al) and B.
IV. SUMMARY AND CONCLUSIONS
To elucidate the doping-dependent suppression of su-
perconductivity in MgxAl1−xB2, we have performed
multipole refinements of x-ray diffraction data and
polarization-dependent near-edge x-ray absorption fine
structure on single-crystalline specimens with x = 1.0,
0.8, and 0. Joined together, our results draw the follow-
ing picture for the electronic structure and the suppres-
sion of superconductivity in MgxAl1−xB2: By and large,
the Mg ions in MgB2 are approximately divalent. Despite
the residual ≈ 0.4(2) electrons remaining at the Mg site,
the valence electrons do predominantly reside in the B
layers. Neither the σ-bonded B sp2 nor the pi-bonded B
pz orbitals are entirely filled with electrons. This explains
the distinctly two-dimensional and covalent character be-
tween the B sites with its metallic hole-type conductivity,
as well as the appearance of two superconducting energy
gaps related to the corresponding σ and pi bands. No
indication is found for a three-dimensional, delocalized
valence-electron density originating from B pz bonds; nei-
ther the multipole model nor the NEXAFS spectra point
to a significant electron density outside the B layer – even
more so as the distance of about 3.52 Å between neigh-
boring B layers is quite large which effectively reduces
6pz orbital overlap. If anything, the states responsible
for three-dimensional metallicity in MgB2 most proba-
bly result from hybridization between Mg 3s/3p and B
pz states. Such hybrids also provide a rationale for the
electron density remaining at the Mg site.
Upon increasing Al content, the σ-bonded B sp2 states
become successively filled. Yet due to the residual valence
electron count of ≈ 1.5 at the Al site as observed in the
multipole refinement, the number of electrons in the B
layers is only slightly changed from ≈ 3.8 for MgB2 to
≈ 3.7 for AlB2. This finding implies that the σ-bonded
B sp2 states are filled upon replacing Mg by Al at the
expense of an increasing hole count of the pi-bonded B pz
states as reflected in the static deformation electron den-
sity. Concurrently, the hybridization between (Mg,Al)
3s/3p orbitals and B pz states proceeds with increasing
Al content which strongly enhances the covalent bond-
ing nature between (Mg,Al) and B sites. In contrast to
MgB2 where conductivity is dominated by the in-plane σ-
bonded B sp2 states, in AlB2 the more three-dimensional
covalent Al 3s/3p–B pz bond determines the electronic
properties.
From the present study it is evident that the filling
of the σ-bonded B sp2 states has a strong impact on
the rapidly reduced superconducting transition temper-
ature in MgxAl1−xB2. Moreover, it might be expected
that the observed changes in the bonding nature between
the (Mg,Al) site and the B pz orbitals lead to a partic-
ularly rapid decrease of the transition temperature by
means of reduced pi-intraband pairing and σ-pi interband
scattering. Further detailed experimental and theoreti-
cal investigations, however, will be needed to show if the
observed changes in the hybridization between (Mg,Al)
3s/3p orbitals and B pz states (and the modified elec-
tronic structure of the pi states caused by these changes)
have a decisive role on the superconducting properties of
MgxAl1−xB2.
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